THE electrocardiographic diagnosis of early left ventricular hypertrophy has mainly depended on various criteria based on QRS voltages in conventional limb and precordial leads. It is known, however, that other factors 1 influence the QRS voltage besides the amount of ventricular muscle mass. One of these factors is body build. Many authors2-7 have commented that body build exerts an influence on the electrocardiogram, but no one has tried to make a definite correlation between body build and the voltage of the QRS complex. The present study, therefore, was undertaken in order to determine if a definite correlation exists between various QRS-voltage criteria of left ventricular hypertrophy and body build, and, if such a correlation exists, to attempt to define the
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Methods
The electrocardiograms of 300 adult men who were judged to be free from cardiopulmonary disease were selected for analysis. These were obtained from two sources: (1) electrocardiograms of employees of an industrial plant having annual physical examinations and (2) electrocardiograms from the files of the DeGoesbriand Memorial Hospital in Burlington, Vermont. All persons whose electrocardiograms were selected had a complete physical examination, chest x-ray, and urinalysis at the time the electrocardiogram was recorded. Anyone with a resting blood pressure over 150 systolic and 90 diastolic was eliminated from the study. Anyone under 20 years of age was excluded, since persons in this age group have notoriously large QRS voltages; and people over the age of 60 were excluded, since the frequency of coronary artery disease is so high in the older age groups. The standard 12lead electrocardiogram was taken in all cases. All the electrocardiograms were read by one of the authors and thought to be within normal limits. All voltages were read in millivolts, with upward deflections measured from the top of These are listed in table 3 along with their accepted upper limits of normal as published in the literature. The ponderal index, which is the height in This was easily determined with the nomogram of Luskin and Whipple.2 This expression of body build was used in preference to others, such as body somatotyping and percentage deviation from normal weight, since it best expresses the ratio of body length to body width and is also quite easy to determine. An IBM computer from the University of Vermont Computing Center was used to determine correlation coefficients, lines of regression, and the standard error of the estimate. From this information, graphs were constructed defining the upper 95 and 99 per cent of normal QRS voltage for various body builds. The data were also analyzed for various age groups in a similar manner.
One hundred of the industrial employees were evaluated as to their participation in physical activity and were classified into three categories of very active, average, and inactive. These groups were analyzed to see if activity had any effect on the voltages studied. Table 1 includes the age distribution of the persons studied. Table 2 gives the mean values and their standard deviations for the criteria studied, along with the correlation coefficients with the ponderal index. The mean values and standard deviations for the criteria A, D, and E agree closely with those recently published by Manning et al.13 in their study of Air Force personnel in the same age range. This would tend to lend some support to the idea that our studied population was a normal one.
Results
As can also be seen from table 2, some correlation with the ponderal index was found for all the criteria and highly significant correlations were found for the criteria A, B, and C. 
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.^S /~~~~~*. for those criteria showing highly significant correlations. From figure 1 it can be seen that the now accepted upper limit of normal for the criterion RI + SmI is too high for most people and is much too high for thin people. For the very thin individual, 1.8 mV would be the upper limit of normal if one includes 99 per cent of the population and only 1.5 mV if one includes 95 per cent of the population. For the other two criteria showing a significant correlation, it can be seen that the presently accepted upper limit of normal is too high for obese people (low ponderal index) and too low for thin people (high ponderal index). Figure 4 represents the relationship between the ponderal index and the voltage SV1 + RV5 or V6. This indicates that the presently accepted upper limit of 3.5 mV is too low for all ranges of body build.
The values of R in V5 or V6 and SV1 did not show a significant correlation with the ponderal index, and were, therefore, not presented in graphic form. However, it should be noted that values in excess of 2.6 mV for the former were present in 5 per cent, and those in excess of 1.5 mV for the latter were present in 8 per cent of our material. To include 99 per cent of the material, the upper limit would have to be raised to 3.0 and 2.0 mV, respectively.
In addition to the specific voltage criteria mentioned above, the highest R wave in any of the three standard limb leads was correlated with the ponderal index. No significant correlation was found. A mean value of 1.0 mV with a range of 0.4 mV to 2.0 mV was obtained.
In table 1 
Discussion
Any electrocardiographic voltage criteria that are used to diagnose early left ventricular hypertrophy should be both accurate and specific. Up to the present time this has not been the case. Table 3 is a composite of the various studies, both clinical and postmortem, that have been reported in the literature assessing these various voltage criteria. There has been quite a divergence of results due to the various ways of defining left ventricular hypertrophy. These have varied from actual autopsy determination to merely noting the presence of a disease state that could cause left ventricular hypertrophy. However, if one considers only comparable postmortem studies,U' 14, 17 one gets a better idea as to the mV 5.3 4.5 actual ability of the various voltage criteria to detect left ventricular hypertrophy. A composite of such studies is shown in table 4. No single criterion gives an accuracy greater than 40 per cent. The precordial criterion that appears to have the greatest accuracy is the one postulated by McPhie,1' namely, "greatest R + greatest S greater than 4.5 mV." This is also the criterion that showed the highest correlation with body build in our study. Thus, modifying this criterion by taking into account body build ( fig. 2 ), one would hopefully obtain even a higher accuracy in diagnosing early left ventricular hypertrophy.
There are certain instances in which the vector representing the increment of QRS voltage as a result of left ventricular hypertrophy is perpendicular (or nearly so) to the horizontal plane; also when the diaphragm position is high, the percordial leads may be Relationship between ponderal index and voltage of S whichever greater (symbols as in fig. 1 ). result normal precordial QRS voltages may be recorded regardless of the amount of left ventricular hypertrophy. In these instances one has to resort to limb-lead complexes to make the diagnosis of hypertrophy. The cri-terion of Gubner and Ungerleider 10 (RI + SIII greater than 2.5 mV) has been shown to be very specific but does not yield a high percentage of positive diagnoses. The present study, however, showed that this criterion correlated significantly with body build. Modifying this criterion to account for body build ( fig. 1 ) again might increase the percentage of correct diagnosis without sacrificing specificity. The present study would indicate that the voltage criteria of Sokolow; namely, SV1 + RV5 or V6 greater than 3.5 mV or RV5 or V6 greater than 2.6 mV, would not certainly improve the present accuracy by taking body build into account, since the correlations with these criteria were not highly significant.
If a little speculation is allowed, it might be postulated that one of the reasons that the precordial QRS voltages are increased in thin persons as opposed to obese persons is that adipose or muscle tissue in the chest wall increases the distance between the precordial electrode and the heart. The findings of both Selzer and Grant,4'21 with the various QRSvoltage criteria of left ventricular hypertrophy, that the large majority of false positives was in emaciated individuals, would lend support to this view. Another mechanism could be an accumulation, around the heart of overweight persons, of adipose tissue, which has a low electric conductivity.1 Since the manifest QRS voltage in limb leads (highest R wave in any of the limb leads) showed no correlation to the ponderal index, this mechanism would not seem to play a major role in our material.
The increase in voltage of RI +SII with decreasing ponderal index is most likely caused by a more transverse position of the heart resulting from a higher diaphragm posi-Circulation, Volume XXXI, January 1965 tion with increasing accumulation of adipose tissue in the abdomen.
As was seen in table 1, the younger age groups had a higher mean ponderal index and hence higher precordial QRS voltages and slightly lower RI +SI,, voltages. The mean QRS-voltage values for the specific age groups are not significantly different from the values obtained from the mean regression lines of figures 1 to 3 if one uses the mean ponderal index for the various age groups. For practical purposes, if one utilizes the ponderal index, one would not therefore need to consider age as a specific factor in the electrocardiographic diagnosis of left ventricular hypertrophy, at least in the age group similar to that used in this study.
Physical activity (figs. 1 to 4) did not appear to affect the QRS voltage. The sedentary and active individuals are almost equally divided on the two sides of the mean regression lines.
Summary
Various sets of QRS voltages that are used in the diagnosis of left ventricular hypertrophy were determined from the electrocardiograms of 300 normal men judged to be free from cardiopulmonary disease, and these were correlated to body build expressed in terms of ponderal index. A correlation was found for all voltages studied and a highly significant correlation was found for the criteria "RI + SmII," "greatest R + greatest S in the precordial leads" and "greatest R + S in 83 a single precordial lead." Age or activity did not appear to be specific factors in the population studied. Graphs were constructed for the latter three sets of voltages defining upper limits of normal for various values of the ponderal index. By using these sets of voltage criteria in conjunction with this index, one would hopefully improve both accuracy and specificity in the electrocardiographic diagnosis of early left ventricular hypertrophy.
